The relationship between childhood obesity and aspects of the built environment characterizing neighborhood social context is understudied. This study evaluates the association between 7 built environment domains and childhood obesity in Durham, North Carolina. Measures of housing damage, property disorder, vacancy, nuisances, and territoriality were constructed using data from a 2008 community assessment. Renter-occupied housing and crime measures were developed from public databases. The authors linked these measures to 2008-2009 Duke University Medical Center pediatric preventive care visits. Age-and sex-specific body mass index percentiles were used to classify children as normal weight (>5th and ≤85th percentile), overweight (>85th and ≤95th percentile), or obese (>95th percentile). Ordinal logistic regression models with cluster-corrected standard errors evaluated the association between weight status and the built environment. Adjusting for child-level socioeconomic characteristics, nuisances and crime were associated with childhood overweight/obesity (P < .05). Built environment characteristics appear important to childhood weight status in Durham, North Carolina.
Introduction
The childhood obesity epidemic has led to significant increases in morbidity (eg, diabetes, hypertension). 1-6 Between 1976 1-6 Between -1980 1-6 Between and 2007 1-6 Between -2008 , rates of obesity among US children aged between 2 and 19 years have risen from 5.5% to 16.9%. 7 Contributors to the increase in childhood obesity over the past few decades include environmental factors leading to a propensity to be inactive and eat unhealthy foods. 8 The built environment includes the physical infrastructure (eg, buildings, roads, and lighting) and outdoor spaces (eg, parks and urban design) of a place, as well as the policies that shape them. Components of the neighborhood built environment may be important factors contributing to inactivity, either directly through physical barriers to activity or indirectly though the impact of the physical environment on the social context of the neighborhood, which may cause individuals to avoid outdoor physical activity because of safety concerns. Although research has demonstrated a relationship between select components of the built environment (eg, healthful food stores, access to green spaces), 9 little is known about the association between obesity and broader aspects of the built environment that affect both the physical and social context of neighborhoods. Such broader aspects of the built environment characterize communities more generally than conventional measures (eg, distance to green space, number of fast-food establishments) to provide measures of the physical quality, stability, and safety of a community's infrastructure as a whole. Objective measures of the broader built environment that may influence the social context of neighborhoods offer an alternative to subjective selfreport by residents and provide clearer data to support community projects and advocacy efforts.
Previous research has also evaluated the relationship between child weight status and both perceived and objective neighborhood safety. A number of studies have shown that parental perception of safety is related to child's weight. [10] [11] [12] [13] [14] [15] For example, Singh et al 13 found that a child's odds of being overweight or obese were 43% and 61% higher, respectively, if their parent/guardian thought the neighborhood was unsafe. On the other hand, objective crime rates, assessed using law enforcement records, have also been evaluated in a few studies, and no association between crime rates and children's weight status has been found. [16] [17] [18] [19] Measures of the built environment, such as litter, damaged housing, and housing tenure, may also inform our understanding of social stability and cohesion within a neighborhood, which may influence childhood weight status, perhaps by influencing the sense of community and perceptions of safety. However, the relationships between these broader measures of the built environment and childhood weight status have been minimally studied. Singh et al 13 evaluated the relationship between childhood weight status and parent/ guardian report of the presence of garbage and litter, poor or dilapidated housing, and vandalism in the neighborhood. After adjustment for age and sex, children in neighborhoods with garbage or litter had 1.44 times the odds of being obese, those in areas with poorly kept or dilapidated/ rundown housing had 1.31 times the odds of obesity, and those in areas with vandalisms had 1.09 times the odds of being obese. 13 Grafova et al 17 found that children in neighborhoods without physical disorder as assessed by study personnel are less likely to be overweight even after adjustment for individual characteristics including socioeconomic status. 17 Leveraging detailed survey data on a broad set of built environment variables and georeferenced pediatric patient data, the present study examines whether overweight and obesity among children and adolescents in central Durham, North Carolina, is associated with objectively assessed components of the built environment, including violent crime, total crime, housing damage, property disorder, tenure status, vacancy, territoriality, and nuisances. Rather than focusing on physical barriers to inactivity or healthy eating habits, these built environment variable focus on how the built environment may influence inactivity through the social context and character of neighborhoods.
Material and Methods

Patient Data
The Duke University Medical Center maintains a patient database with information on all medical visits to service providers in the Duke University Health System. This health system encompasses locations in the Raleigh-Durham-Chapel Hill metropolitan area in North Carolina. For this analysis, we identified 45 525 patient visits for preventive ("well-child") visits seen in 1 of 3 large clinics in Durham between January 2008 and December 2009. Patient residential addresses were georeferenced to the individual tax parcel level, with a geocoding success rate of 83%. Nearly two thirds (n = 29 060) of the preventive care visits were for children residing in Durham County.
Our study population was restricted to children from the geocoded data set between the ages of 2 and 18 years who lived within the 29 neighborhoods defining the study area (see below). We excluded children whose health insurance was through Duke University's student health system to protect the privacy of these students. Data on height or weight was missing for 538 records (19%). Patient records with missing data on the key covariates of race, age, and insurance status were also excluded (n = 28, 1%). For children with more than one well-child visit during 2008-2009, only data from the earliest well-child visit were used for analysis. The final data set included 1857 children.
Using 2000 Centers for Disease Control Growth Charts, 20 we calculated age-and sex-specific body mass index percentiles to classify children according to 3 categories: normal weight (>5th and ≤85th percentile), overweight (>85th and ≤95th percentile), or obese (>95th percentile). Since we were interested in the likelihood of being overweight or obese compared with normal weight, we excluded children whose body mass index percentile was ≤5th percentile from the analysis (n = 72). Thus, our analysis included data on 1785 children. This study was approved by the Duke University School of Medicine Institutional Review Board.
Study Area
This study includes children residing in the 29 neighborhoods making up the urban core of the City of Durham, North Carolina. Figure 1 provides a map of the study area. This socially and economically diverse part of Durham includes both established, historical neighborhoods and newer, less loosely established neighborhoods. These 29 neighborhoods represent the extent of the Community Assessment Project (CAP), a survey which collected detailed data on the built environment throughout each neighborhood.
Built Environment Measures
Community Assessment Project data. The design, data collection, and index creation for the CAP project has been described in detail elsewhere. 21 The CAP is an objective survey of all tax parcels within the study area (see Figure 1 ). This survey was built using a geographic information systems data architecture; all data are associated with a geographic location. The field team collected data using handheld global positioning systems units while walking the streets of each neighborhood during the summer of 2008. Tax parcels were assessed on an individual basis from the public right-of-way, and variables were recorded based on what was visible from the sidewalk or street.
The data collection instrument identified observable variables representing community concerns, based on direct conversations with community leaders, and supplemented with variables represented in the literature. [22] [23] [24] Each parcel was assessed for 57 variables that categorized its land use; occupancy status; the physical condition of any buildings, yard, or property; the presence of nuisances such as litter, abandoned cars, and discarded furniture; and evidence of territoriality, such as security bars and "beware of dog" signs. Residential, commercial, and other property types were similarly assessed. 21 Durham county tax assessor data. We acquired detailed tax parcel data from Durham County. For each residential parcel in the study area, tenure status was determined by comparing the owner's address in the tax record with the physical address of the property. The algorithm used for this process accounted for address discrepancies such as typos and spelling errors. Parcels were marked as owner-occupied when the physical and owner addresses matched, and were marked as renteroccupied when the physical and owner addresses did not match. 21 Crime data. We acquired crime data from the Crime Analysis Lab of the Durham Police Department. The database included all reported crime incidents for 2006-2007, with variables indicating the charge description and physical address at which the incident occurred. These data were georeferenced at the parcel and street levels depending on the type of address information provided. For example, some incidents occurred at a home or business, whereas others were noted as occurring at specific intersections. 21 
Development of Built Environment Indices
We grouped the CAP-collected built environment variables into 5 distinct domains: housing damage, property disorder, public space nuisances, territoriality, and vacancy, each of which consisted of a varying number of variables. 21 Originally collected at the parcel level, the component variables for each domain were aggregated to the Census block level and divided by the total number of parcels in a given block. These block-level proportions were then standardized to have mean 0 and standard deviation 1.
To represent the local environment for each child, we defined primary adjacency communities (PACs), which include the block in which a child resided and adjacent blocks sharing a line segment or vertex. Block-level proportions of each component variable were summed to the PAC level. The resultant PAC-level proportions in a common domain were summed and standardized by dividing by the total number of underlying blocks. This produced the 5 indices measuring the extent of housing damage, property disorder, nuisances, territoriality, and vacancy at the PAC level. Similarly, to characterize housing tenure, violent crimes, and total crimes, each metric was aggregated at the block level. Housing tenure for each block was calculated as the proportion of residential tax parcels that were renter-occupied, and these proportions were standardized to have mean 0 and standard deviation 1. The total counts of violent and all crimes in each block were also standardized. Blocklevel values for tenure (proportion renter occupied) and crime each were summed to the PAC level and standardized by dividing by the total number of blocks in the PAC. This produced 3 additional built environment indices: total crime, violent crime, and tenure. 21 
Statistical Analysis
We examined the association between weight status and each PAC-level built environment attribute, including the 5 CAP domains (housing damage, public space nuisances, property disorder, territoriality, and vacancy), renter-occupied housing, and violent and total crimes. Unadjusted and adjusted cumulative logistic regression models with the proportional odds assumption were fit for each built environment measure. Standard errors for all parameter estimates were computed using the sandwich estimator method to allow for intra-PAC clustering. 25 We used the Brant test 26 to assess if the proportional odds assumption, which assumes that parameter estimates do not change when comparing alternative weight categories, was violated by any models. When this test indicated that proportional odds did not hold, a partial proportional odds model was fit; thus, allowing nonproportional parameter estimates only for covariates where the proportional odds assumption did not hold.
We constructed tertiles of each PAC-level measure to represent low (better built environment), medium, and high (worse built environment) scores on a given built environment attribute. In adjusted models, we controlled for patient-level characteristics including a child's race/ ethnicity, health insurance status, age, and sex. Race/ ethnicity was entered as non-Hispanic white (reference), non-Hispanic black, Hispanic, or other which grouped Asians and other race. Health insurance status was entered as Medicaid versus non-Medicaid (reference). Age categories were 2 to 5 years (reference), 6 to 11 years, or 12 to 18 years. All analyses were conducted in Stata 11.0 (StataCorp, College Station, TX).
Results
Description of Sample
A summary of the patient population included in this analysis is presented in Table 1 . Almost one-third of patients were above the normal weight category, with 18.9% classified as obese. Our study population is primarily non-Hispanic black and more than half were enrolled in Medicaid. Figure 2 displays maps of the tertiles of a sample of the built environment indiceshousing damage, tenure, territoriality, and total crime. Higher levels of housing damage and renter-occupied housing (tenure metric) generally follow similar spatial patterns. On the other hand, there are a number of areas where higher territoriality, an index of the level of security measures present in a PAC, are accompanied by lower levels of total crime. Overall, higher proportions of patients lived in areas with lower levels of housing damage and vacancy, but higher levels of property disorder, nuisances, and crime (see Table 2 ). Compared with pediatric patients in the normal weight range, overweight and obese patients lived in areas with higher levels of property disorder, territoriality, vacancy, nuisances, and crime.
Modeling Results
Of the 7 built environment measures, only property disorder, nuisances, violent crime, and total crime were significantly associated with childhood weight category in either unadjusted or adjusted models. Housing damage, territoriality, vacancy, and tenure did not appear to be associated with weight status among children in the CAP study area. Table 3 presents odds ratios and 95% confidence intervals (CIs) associated with the 4 built environment indices in crude and adjusted models for weight status for which significant associations were found. For those models in which the proportional odds assumption held, a single set of odds ratios are presented. These odds ratios represent the odds ratio associated with the covariate of being in a higher versus any lower weight category, regardless of the cut point between the 3 weight categories-for example, being obese versus overweight/normal or being obese/ overweight versus normal. For those models in which the Brant test indicated that the proportional odds assumption was violated, the odds ratios associated with the logistic model for obese versus overweight/normal and the logistic model for obese/overweight versus normal are both presented.
Compared with children living in PACs with low levels of property disorder, the unadjusted odds of being in a higher weight category were 40% (95% CI = 6% to 86%) and 47% (95% CI = 13% to 91%) greater among children residing in PACs with medium or high levels of property disorder, respectively. After controlling for patient-level characteristics, property disorder was no longer significantly associated with childhood weight category.
In unadjusted models, children living in PACs with high levels of nuisances had nearly a 70% (95% CI = 31% to 116%) increase in odds of being in a higher weight category compared with children living in low nuisance PACs. Controlling for patient-level characteristics, compared with PACs characterized by low nuisance levels, residence in a high nuisance PAC was associated with a 45% increase in odds of being overweight/obese versus normal weight. Since the proportional odds assumption was violated in this adjusted model, the same association does not apply to the comparison of obese versus overweight/normal weight, a logistic model in which no significant association between nuisances and weight category was found.
For the crime indices, the null hypothesis of proportional odds was not rejected by the Brant test (P > .05) in either the unadjusted or adjusted models. Thus, for each model, the odds of being overweight/obese versus normal weight or obese versus overweight/normal weight are the same for each covariate. In unadjusted models, both medium and high levels of violent and total crimes were associated with higher weight (see Table 3 ). Following adjustment for individual-level characteristics, the odds ratio of children being in a higher weight category for children living in PACs with high levels of violent crimes compared with PACs with low levels of violent crime was 1.48 (95% CI = 1.06 to 2.05). Considering total crime in models controlling for individual-level characteristics, residence in medium-or high-level PACs, compared with low crime PACs, was associated with over a 50% increase in odds of being in a higher weight category, with odds ratios of 1.54 (95% CI = 1.08 to 2.22) and 1.51 (95% CI = 1.06 to 2.14) for the comparison of medium and high levels of total crime compared with low levels of total crime, respectively.
Discussion
After adjustment for the patient-level characteristics of race, age, sex, and insurance status, higher levels of violent crime, total crime, and nuisances in a child's residential area were associated with higher risk of being above the normal weight range. These aspects of the built environment may reduce childhood activity levels by creating neighborhoods in which parents do not feel comfortable allowing their children to play outside due to a lack of a sense of community or safety. Interestingly, territoriality, an index of the level of security measures present in a PAC, was not associated with childhood weight status. This may be related to the disconnect between territoriality (perceived safety) and actual crime levels as seen in Figure 2 . Although we did not, some previous studies have found an association between parental perceptions of safety and child weight. [11] [12] [13] [14] [15] Also unlike this study, other studies examining the relationship between crime rates and child weight status found no association. [16] [17] [18] [19] Further research should measure physical activity levels among children and examine how activity levels relate to crime and nuisances, as well as the other built environment measures. This study leveraged georeferenced pediatric patient data on preventive care visits from the Duke University Health System and detailed data on objectively measured built environment characteristics in the urban core of Durham, North Carolina, to explore the association between the built environment and childhood weight status. The built environment measures used in this study-violent crime, total crime, housing damage, property disorder, tenure status, vacancy, territoriality, and nuisances-focus on how the built environment may influence inactivity through the social context and character of neighborhoods. These factors of the built environment may speak to the social context of a neighborhood by being related to neighborhood stability, community engagement, and sense of community and safety. This perspective extends previous work relating built environment and childhood weight status, in which physical barriers to inactivity or healthy eating habits have tended to be the focus. 9, 16, 18 This study is not without limitations. We defined each child's local environment based on the Census block in which they resided and adjacent Census blocks (PACs). The accuracy of the PAC construct in reflecting the boundaries of an individual's living environment may vary by individual. Second, although we focus on measures of the built environment that may influence childhood weight and inactivity through the social context and character of neighborhoods, we have not controlled for traditional measures of the built environment that have been previously associated with childhood weight and through physical barriers to activity, such as walkability and green spaces, 9, 16, 18 and healthy eating habits. 9, 16 Third, the study data were cross-sectional in nature, and we do not have a measure of length of residence. In addition, pediatric patients living in the study area but receiving care at clinics unaffiliated with the Duke University Health System were not included in this analysis.
Our research indicates a significant association between domains of the built environment focused on social context and neighborhood characteristics and childhood overweight and obesity. This work holds promise for elucidating key drivers of the burgeoning childhood overweight epidemic, and in so doing, highlights potential for policy interventions. In future research, we hope to examine the joint and independent relationship between all aspects of the built environment (social context, walkability, green spaces, food environment) and childhood weight status.
